Using a three year panel data set of rural households in the Tigray region of northern Ethiopia, we examine the dynamics of poverty and the impact of two intervention measures -the food for work (FFW) and the food security package (FSP) programsupon poverty by disaggregating total poverty into its transient and chronic components.
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Introduction
Conventional poverty profile and poverty status measures provide useful information on the level of poverty, characteristics of the poor and the poverty correlates thereof. This, however, is not sufficient to combat poverty, partly because the correlates of poverty profiles are different from the dynamic process that determines a household's movements into and out of poverty. The lack of an inter-temporal dimension in the conventional measure is one of its criticisms and its presence provides a useful insight into what determines movements into and out of poverty and why some households remain poor.
The study of poverty dynamics requires panel data and the lack of it has been the limiting factor to study poverty dynamics in developing countries until recently. Over the last decade, a growing amount of panel data sets for developing countries has enabled researchers to start addressing the movements in poverty and the factors explaining these movements. Baulch and Hoddinott (2000) bring together recent studies on poverty dynamics in the developing world. In Ethiopia, several research papers (Dercon and Krishnan, 2000; Bigsten and Shimeles, 2004; Dercon, 2005; Swanepoel, 2005) have analyzed the dynamics of poverty but none have looked at the impact of intervention programs in place to fight poverty.
In the Tigray region of northern Ethiopia, two intervention programs -the food or cash for work (FFW) program and the household level food security package (FSP) programare widely implemented to fight poverty and ensure food security. By engaging the rural poor in public works such as the construction of rural roads, dams, and soil and water conservation activities against payment either in cash or in kind, the FFW program has a short-term objective of protecting the poor against shocks (consumption smoothing) as well as a long-term objective of poverty reduction, growth enhancement and natural resource conservation. The household level FSP program on the other hand intends to secure food at household level by diversifying the income base of the poor through provision of resources (credit) for a range of activities in a package. Identifying the basic interest of the rural poor and providing the required resources, technical assistance and training to engage in their choice of activities so as to secure food at household level and sustain income over time is the prime concern of the FSP program.
A number of empirical studies have been conducted about the FFW program. Most focused on the efficiency in targeting (Clay et al., 1999; Devereux, 1999; Ravallion, 1999; Gebremedhin and Swinton, 2000; Haddad and Adato, 2001; Jayne et al., 2002) and others on the mode of payment -cash versus food (Faminow, 1995; Dorosh and Haggblade, 1997; Arndt and Tarp, 2001) . Despite the importance of FFW programs to household welfare, studies on the impact of the programs on welfare are limited. There is a small body of research that assesses the impact of food aid programs on household food security and welfare and to a more limited extent, nutrition (Barret, 2002) . Important exceptions include Quisumbing (2003) , Dercon and Krishnan (2004) , Yamano et al. (2005) and Holden et al. (2006) . In a recent paper, Gilligan and Hoddinott (2007) examined the importance of FFW on consumption, food security and assets in rural Ethiopia.
Given the objectives of the programs -smoothing consumption in the short run and lifting income of participants in the long run -the evaluation of the impact of these programs upon chronic and transient poverty is pertinent, an aspect which has never been studied before. Using a panel data set of 385 rural households in northern Ethiopia, we assess the level of chronic and transitory poverty and the importance of the FFW and FSP programs for the chronically poor and transiently poor households. The paper is organized as follows. In the section that follows, we briefly describe intervention programs in Tigray. Data and methodology are discussed in section 3. Section 4 discusses the dynamics of poverty by identifying the magnitude of poverty and the impact of FFW and FSP programs on chronic and transient poverty and section 5 concludes.
Intervention programs in Tigray
Tigray is the northern most state of Ethiopia. It is one of the most drought prone and food insecure regions. Tackling food security at household level, which stretches from making food available to the rural poor to mitigate transitory economic shocks through emergency relief and safety net mechanisms, to diversifying the income base of the poor, is arguably the most effective and direct way of poverty reduction envisaged by the government. Among the programs implemented for this purpose are the Food for Work (FFW) 1 and an integrated household level extension program known as the Food Security Package (FSP) programs.
The FFW program has a long history in Ethiopia. It was first used in public works programs in the early 1960s. During the 1980s, the government managed an extensive national FFW soil conservation and afforestation project using labor brigades (Gebremedhin and Swinton, 2001) . Today, FFW serves as a safety net for poor communities in food insecure areas. Poor households are made to work in public projects such as in the construction of rural roads for food wage. It is a way of utilizing the food aid available to development ends, while at the same time transferring food to the poor, i.e., a transition between emergency relief and the achievement of long term development objectives.
Tigray is one of the poorest regions in Ethiopia where the FFW program is widely used. Three food distribution systems are implemented in Tigray. In the first, free food is distributed to those unable to work. In the second, monthly payments of about 15 kg of food are paid to selected beneficiaries for monthly work of 5-6 days (a scheme locally known as the Employment Generating Scheme). In the third, FFW payments are made at a fixed daily rate of 3 kg and paid according to the number of days worked (Sharp, 1997) .
Tigray based FFW projects mainly focus on the construction of ponds, soil and water conservation structures, rural access roads, area enclosures and afforestation.
FFW projects envisaged until 2004 were more focused on relief oriented emergency system. Food insecurity in Ethiopia is normally understood in terms of recurrent food crises and famines, and responses to food insecurity have conventionally been dominated by emergency food based interventions (Deveruex et al., 2006) . However, a significant portion of the aid recipients or those engaged in the FFW projects are not simply poor but chronically food insecure. Given their resource constraints and overall level of poverty, their food deficiencies are predictable which requires long term predictable support.
Recognizing this, in 2004 a Productive Safety Net Program (PSNP) was introduced in
Ethiopia. It marked a shift from a relief oriented emergency system to a productive and development oriented safety net. The program's objectives are to smooth household 1 FFW includes all public work programs made against payment either in kind or in cash and the recently introduced Production Safety Net Program (PSNP) consumption by bridging production deficits in chronically food insecure farming households, protect household assets as a result of distress sales and create community assets (Devereux et al., 2006) . The program increasingly provides cash rather than food support through labor intensive public works that address the underlying causes of food insecurity and through grants to households who cannot undertake public works (MoARD, 2004 Institute (DECSI), the locally operating micro finance institute. Individual households capable of using loans for productive purposes are eligible for the program. A household can get financed for a range of activities (package) and loans are disbursed on an individual basis. Although the components of the package for which loans are granted differ from area to area to suit agro-ecological and other factors, the basic ones include livestock (oxen and cows), small animals (sheep and goats), poultry, beehives, seed and fertilizer. Depending on the type of activity, loan periods range from two to four years.
As measures to reduce poverty, the FFW and the FSP programs need be evaluated in terms of their short term and long term objectives. The short-run question is the ability of the programs (especially the FFW program) to effectively shield people who suffer transition income shocks. In this regard, when poor households face temporary shocks, they will have access to food in an exchange for their labor service in public works. This helps the poor not only to have the minimum essential quantity of food necessary to maintain good nutrition, but also protects them from losing their meager assets. Thus, the short run objective of the programs need be evaluated in their ability to reduce transitory poverty.
Besides the transitorily poor, there are also the chronically poor households who are poor most of the time. The chronic poor are believed to have a low level of asset base to generate income. Thus, the long-run objective of the FFW and the FSP programs to reduce poverty is evaluated in their ability to foster income growth and wealth accumulation among the chronically destitute, i.e., in their ability to reduce chronic poverty.
Data and methodology

Data
The data considered here have been collected in three Two of the tabias are in woina dogua, one is in dogua and the fourth in kola.
expenditure, off-farm income, households' participation in the FFW and the FSP programs, household assets and local institutions alongside a host of other information related to production and sales. The survey questionnaire was administered to 100 households randomly selected from each tabia. A total of 400 households were selected for the survey. An important issue for panel data is the attrition rate across rounds. Only 9 households were lost in the second round and six more households in the third round. The attrition rate over the three years is nearly 4%.
Data of the three rounds are directly comparable both in terms of content and timing. A standardized questionnaire was used in all rounds and the survey was conducted in a similar season.
Measuring and decomposing poverty
To analyze the impact of the FFW and the FSP programs on chronic and transitory poverty, we first determine the level of poverty and disaggregate it into its transitory and chronic components. We use consumption to measure poverty, for consumption is generally regarded as the best indicator of welfare in rural Ethiopia, because most people in the rural areas consume from their produce and do not earn regular off-farm income. A poverty line is constructed first by choosing a bundle of food items consumed by the poorest 50 percent. The quantity of each of the food items in the bundle is rescaled so as to give a predetermined level of minimum calorie requirement -2200 kcal per person per day; this is valued at area-specific prices. The food component of the poverty line is augmented with an allowance for non-food goods, consistent with the non-food spending of those households whose food spending is no more than adequate to afford the food component of the poverty line. 5 From the survey data a poverty line of ETB 1008 per person per year is constructed. The poverty line is constructed by first identifying the poorest 50% as a reference household deemed to be typical of the poor. Next, we identified the food items commonly consumed by the reference household to constitute the food bundle. In this case, a total of 21 food items are chosen and their quantity is determined in such a way that the bundle supplies a predetermined level of minimum calorie requirement -2200 Kcal. Having selected the bundle of goods, we then valued it using a median price for each food item in the basket based on internal price data. The same basket of food items is valued by the corresponding price in each year and each study site to determine the cost of consuming the reference basket of food items. We expressed consumption expenditure in terms of 2006 prices. We followed the approach described in Ravallion and Bidani (1994) to estimate the required non-food share by examining the consumption behavior of the Following Jalan and Ravallion (2000), we decomposed poverty into its chronic and transitory components. They define transient poverty as the contribution of consumption variability over time to expected consumption. The non-transient component (chronic poverty) is the poverty that remains when inter-temporal variability in consumption has been smoothed out (Jalan and Ravallion, 2000) . To formally state, assume consumption is used as welfare indicator and let (y i1 , y i2 , …, y iT ) be household i's consumption stream over T dates and p is some well-defined poverty measure, such as those in the FosterGreer-Thorbecke class of poverty measures (Foster et al., 1984) , the inter-temporal aggregate measure of poverty of household i is:
The household's total poverty i p is the expectation overtime of the poverty measure at each point in time it p :
(2)
where it p is:
where z is the poverty line. Chronic poverty is the poverty at time mean consumption for all dates and is defined as:
reference household who can just afford the reference food bundle. The non-food share is estimated by regressing the share of total expenditure devoted to food of each household i on a constant and the log of the ratio of consumption expenditures to the food poverty line
where the value of the intercept α estimates the average food share of those households that can just afford the food bundle, i.e., those households whose expenditure equals the food poverty line ) (
The poverty line is given by:
y is the mean consumption expenditure of household i.
Equation (4) can be written as the expectation over time of the household's chronic poverty at each point in time it c , but since the household's chronic poverty does not change over time, i c = it c where:
p is the portion that is attributable to inter-temporal variability in consumption and is given by netting out the chronic component from the aggregate measure. (3) and (5)) as a measure of poverty which satisfies both the additive assumption -poverty measure should be additive across households and overtime, and transfer axiom -the poverty function should be strictly decreasing and convex to penalize inequality amongst the poor. We use the same poverty measure -the squared poverty gap. Since the squared poverty gap gives more weight to the poorest of the poor, it serves the purpose of evaluating the impact of the FFW and the FSP programs as these programs are basically meant to serve the poorest of the poor.
The impact of intervention programs upon chronic and transitory poverty
After decomposing poverty into its chronic and transitory components, we analyze the impact of the FFW and the FSP programs on these two forms of poverty. Assessing the impact of any intervention requires making an inference about the outcomes that would have been observed for program participants had they not participated. 
This parameter estimates the average impact among participants. Data on program participants identify the mean outcome in the treated state
is not observed. We estimate the impact of the FFW and the FSP programs on total, chronic and transitory poverty levels using propensity score matching as a method of estimating the counterfactual outcome for participants (Rosenbaum and Rubin, 1983) .
Let P=Pr(D=1| Z) denote the probability of participating in the programs (FFW or FSP), i.e., the propensity score. Propensity score matching constructs a statistical comparison group by matching observations on FFW or FSP recipients to nonparticipants on similar values of P. Propensity score matching estimators are based on two assumptions: a) matching assumes that conditional on P, non-participants have the same mean outcomes as participants would have if they did not receive the program:
b) valid matches can be found for each program participants:
P<1
If assumptions (a) and (b) are satisfied, then, after conditioning on P, the Y 0 distribution observed for the matched non-participant group can be substituted for the missing Y 0 distribution for participants. Under these assumptions, the mean impact of the program is given by 
Conditioning variables for program participation
The construction of the unobservable counterfactual is the basic dilemma of impact evaluation. Measuring impact as the difference in mean outcomes between all households involved in either the FFW or the FSP and those not involved even controlling for program characteristics, may give a biased estimate of program impact. This bias arises if there are unobserved characteristics that affect the probability of participation in the outcome of interest. Two important sources of this selection bias include targeting of the program to recipients based on characteristics unobservable to the researcher and selfselection into the program by eligible recipients (Gilligan and Hoddinott, 2007) .
The propensity score matching estimator used in this analysis helps to control for these sources of selection bias and provides reliable, low-bias estimates of program impact provided sufficient control variables relevant to modeling the program participation decisions are used (Heckman et al., 1997) . Our data set contains a rich set of conditioning variables to control program participation decisions.
The FFW and the FSP programs are intended to serve the very poor. Although it is difficult to identify the poor, one way of judging the welfare level of households is on the basis of assets owned. Hence, we include the two basic assets in the rural economy -land and livestock owned. Lack of these assets is associated not only with program eligibility but also with the outcome variable -total, chronic and transitory poverty measured by the squared poverty gap. However, the direction of the association of poverty with assets that With this rich set of control variables one can capture many of the determinants of participation that are typically unobservable to the researcher, which helps to reduce a potentially significant source of bias in propensity score matching estimators. We find that the estimates of the FFW and the FSP programs are sensitive to the choice of variables used for conditioning participation, so we try various alternative specifications and present the results that appear most robust.
Results
We present our results by first showing the dynamics of poverty and then we explore the impact of the FFW and the FSP programs upon chronic and transitory poverty.
Dynamics of poverty i) Short term mobility of households between 2004 and 2006
The mobility of households between quintiles using transition matrix is shown in table 1.
The ij th element of a transition matrix represents the percentage of households that moved from state i to state j in the period under consideration. The table indicates that most households at the two extreme quintiles -the bottom most (first quintile) and top most (fifth quintile) -stayed in the same quintile as compared to the middle level quintiles.
Moreover, most households moved one quintile upward or downward. 
The index is normalized to take a value between 0 and 1 by dividing it by n/n-1. An SMI value close to one indicates higher mobility (Shorrocks, 1978) . The transition matrix in Table 2 provides information on direction of mobility using poverty line by dividing households into three: the poor with consumption below the poverty line; the vulnerable with consumption between the poverty line and double this value, and lastly, the rich with consumption more than twice the value of the poverty line. Table 2 Transition The transition matrices discussed above only consider movements between the initial year and the last year of the survey ignoring any movement in between. Table 3 summarizes the movement of households in each of the three survey years. It indicates that 45 percent of the households were persistently poor throughout the survey period.
The percentage rises to 50 percent if the figure is counted out of those initially observed Table 3 ii
) The magnitude of chronic and transitory poverty
To examine the nature of poverty further, we calculated total, chronic and transient poverty using the Jalan and Ravallion measures described above. The results are shown in Table 4 . Table 4 indicates that chronic poverty constitutes 65% of the total poverty and only the remaining (35%) is transitory. Thus if one is interested in the poorest of the poor, table 4 indicates that most of the squared poverty gap results from low average income levels rather than fluctuations of income. However, the proportion of chronic and transitory poverty shows significant variation among the study areas. The proportion of chronic poverty ranges from 44 percent in Arato to 75 percent in Rubafeleg. The contribution of chronic to total poverty is higher in northern Ethiopia as compared to a study made by Swanepoel (2005) for rural Ethiopia using the Ethiopian Rural Household Survey (ERHS) panel data. Using the same measure of poverty ( 2 = α ), Swanepoel (2005) finds that chronic poverty amounts to 49 percent of total poverty in rural Ethiopia. In another study, Dercon and Krishnan (2000) find a chronic poverty ranging from 75 to 92 percent of the total. However, their result is reported for a poverty gap measure ( 1 = α ) and it is not directly comparable.
The poverty impact of the FFW and FSP programs
Participation in the FFW and FSP programs, the dependent variables in the impact assessment analysis, takes the value of 1 if a household participates in the programs and 0 otherwise. Table 5 
i) Propensity Score
For both the FFW and the FSP programs, probit models were estimated using a broad set of control variables to construct propensity scores used to match program participants to non-participants. In propensity score matching, it is important to condition the match on variables that are highly associated with the outcome variables (Heckman and NavarroLozano, 2004) . However, as Smith and Todd (2005) noted, there is little guidance on how to select the set conditioning variables used to construct the propensity score.
As stated in section 3.4 above, we focused on finding a set of conditioning variables that on theoretical grounds and based on information in the survey data should be highly associated with the probability of participating in each program and with the outcomes of interest. In a series of t-tests, we tested the balancing property of each of the probit specifications to ensure that the mean propensity score is not different for the treatment sample and the sample of comparison observations at various levels of propensity scores. Table 6 b Results are presented as the change in the probability for an infinitesimal change in each continuous X variable, and as the discrete change in the probability from changing the value from 0 to 1 for dummy X variables (marked with a m ). Estimates include village dummy variables (not shown)
c Tsimdi is an area of land that can be plowed by a pair of oxen in a day and is approximately equal to one-fourth of a hectare.
* significant at 10% level; ** significant at 5% level; *** significant at 1% level Participants in the matched sample have poverty levels, measured by the squared poverty gap, that are on average nearly 18% lower than non-participants in the same sample. This suggests that the FSP program has a causal influence on total poverty when individuals are matched on the relevant socio-demographic, assets and other covariates.
ii) Matching results
Hence, if we had two hypothetical households matched on those socio-demographic, asset and other variables in table 6 but were to make one of them participate in the FSP (i.e., get access to food security loan for a package of activities and training) she would have a poverty level on average 18% lower than the other individual not involved in the program.
For chronic poverty, a similar trend is reflected. Treated households in the matched sample have lower levels of chronic poverty than non-participants in the same sample.
Program participants have a chronic poverty level that is on average 0.027 points (i.e., 23%) lower than non-participants and the difference is statistically significant at the 10% level of significance. On the other hand, for the unmatched sample, the difference in chronic poverty between participants and non-participants vanishes (P>0.10).
The third outcome estimated for program participants and non-participants is transitory poverty. The FSP program has no significant influence on transient poverty. Although the difference in transitory poverty between participants and non-participants is negative, it is not statistically significant and hence not different from zero (P>0.10).
In The same effect, however, is not observed for the second and the third tertiles. The difference in total poverty among participants and non-participants in these two tertiles is not different from zero (P>0.10). On the other hand, participants in the second tertile have lower levels of chronic poverty than non-participants in the same tertile. The difference in chronic poverty for the other tertiles, although negative, is not statistically significant (P>0.10).
To sum up, the FFW program has a significant and negative effect on total and chronic poverty for the richest and the middle tertiles respectively, but is not significant for the poorest tertile. This echoes the finding by Gilligan and Hoddinott (2007) in their analysis of the impact of Employment Generation Schemes (EGS) on household welfare in Ethiopia. They find that the program [EGS] has no effect on the growth of household consumption or food consumption for households in the poorest tertile, but it has large, positive and significant effects on both outcomes of households in tertiles 2 and 3 (Gilligan and Hoddinott, 2007) . One explanation given by Gilligan and Hoddinott (2007) is the difference in the number of days worked. EGS participants in the poorest tertile worked fewer days on average than their counterparts in the second and third tertiles.
A similar explanation holds true in this analysis too. The FFW participants in the richest tertile (tertile 1) worked on average more number of days than their counterparts in the second and third tertiles. Program participants in tertile one worked on average in the richest tertile participate more in the program followed by participants in the middle tertile. One reason for this observed difference in participation may be the tighter labor constraint in poor households (Barret and Clay, 2003; Gilligan and Hoddinott, 2007) . Another reason could be poor targeting in the implementation of the program.
Although it is believed that the FFW program is self targeted, i.e., the relatively wealthier households are less likely to participate due to the low wage, there is evidence that this is not the case. Solomon (2006) finds that households with higher farm income and oxen holding were more likely to take part in food-for-work programs in northern Ethiopia pointing to a leakage in targeting.
Besides differences in number of days worked, another explanation for differences in impact of the FFW on poverty for the three terciles could be that due to factors not explained by the substantial set of control variables used for matching participants to non-participants, the rich can complement income from the FFW by other sources and turn it to a more productive use and hence more lasting effects on poverty.
Conclusions
Using panel data of 385 rural households from the Tigray region of northern Ethiopia, we examined the dynamics of poverty and the impact of the FFW and the FSP programs on total, chronic and transitory poverty. 
